The relationship between TACC3, a member of the transforming acidic coiled-coil proteins (TACCs) family, and lung carcinoma remains unclear. The present study was designed to explore the prognostic and clinical significance of TACC3 in non-small cell lung cancer (NSCLC). An immunohistochemistry (IHC) assay was performed to analyze the expression of TACC3 in 195 lung cancer cases. The mRNA and protein levels of TACC3 were examined by quantitative reverse transcription-PCR or western blotting. The correlation between TACC3 expression and clinicopathological factors was analyzed by χ 2 analysis and Fisher's exact test. Kaplan-Meier analysis and the Cox proportional hazards model were used to examine the correlation of prognostic outcomes with TACC3. The results showed that the levels of TACC3 mRNA and total protein were higher in lung cancer lesions than paired non-cancerous tissues. IHC analysis revealed that TACC3 was highly expressed in 94 (48.2%) cases. The expression of TACC3 was strongly correlated with smoking status, histological classification, differentiation, cytokeratin 19 fragment levels, T stage and the clinical stage of NSCLC patients. Univariate and multivariate analyses demonstrated that TACC3 is a useful biomarker for NSCLC prognosis. The low TACC3 expression group exhibited better progression-free survival (PFS) among patients who received anti-microtubule chemotherapy. In conclusion, the results showed that a high level of TACC3 expression was correlated with advanced clinicopathological classifications, poor overall survival (OS) and poor recurrence-free survival (RFS) in NSCLC patients.
Introduction
Lung cancer is the most common cause of cancer mortality globally and the second most common type of cancer (1) . The high mortality associated with lung cancer is primarily attributable to late diagnosis and metastasis at the time of diagnosis. Identifying effective tumor biomarkers of this malignancy in the early stages and preventing metastasis may therefore be the best options for improving the generally dismal survival rate of lung cancer patients.
Structural and numerical abnormalities of the centrosome are significantly associated with chromosome instability, aneuploidy and tumorigenesis (2, 3, (4) (5) (6) (7) (8) . The transforming acidic coiled-coil proteins (TACCs) family is characterized by a highly conserved carboxyl-terminus coiled-coil ʻTACC domainʼ, which is important for the interaction with spindle/centrosome dynamics (2, 4, 9) . The TACC family contains TACC1, TACC2 and TACC3 in mammals (2) (3) (4) 10) . Although increasing evidence indicates that abnormalities in human TACCs (TACC1-3) may correlate with the development of some human malignancies, the functions of these three proteins in mammals are largely unknown (11) (12) (13) .
The human TACC1-3 genes are located on chromosome 8p11, 10q26 and 4p16.3, respectively (2, 4, (11) (12) (13) (14) (15) (16) (17) . TACC3 is mainly expressed in the developing embryo and in adult testis, thymus, peripheral blood leukocytes, spleen and intestinal tissues (4, 17) . Several studies had shown that TACC3 may be associated with some human tumor, but the expression status of TACC3 in cancer remains controversial and unclear. For instance, a microarray analysis suggested that TACC3 is upregulated during the transition of ductal carcinoma in situ to invasive ductal carcinoma, while an immunohistochemical analysis demonstrated that TACC3 is downregulated in resected breast tumors (18, 19) . A similar discrepancy was found in the expression of TACC3 in ovarian tumor and thyroid cancer (20) (21) (22) . In addition, TACC3 has been identified as a potential glioblastoma multiforme oncogene and may be overexpressed in multiple myeloma cases and lung cancer (23) (24) (25) . Therefore, it is necessary to explore the expression status of TACC3 in lung cancer and the relationship between TACC3
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In the present study, we focused on the expression patterns of TACC3 in primary non-small cell lung cancer (NSCLC) lesions and metastatic lymph nodes. Statistical analysis indicated a relationship between high TACC3 expression levels and the clinicopathological features of NSCLC. Multivariate Cox regression analyses suggested that higher TACC3 expression in NSCLC predicts poorer survival independent of other factors.
Materials and methods
Patients and tumor specimen. The present study is reported according to the Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK) (26) . A total of 207 consecutive cases of primary NSCLC with surgical resection were collected from Sun Yat-sen University Cancer Center (SYSUCC; Guangzhou, China) between January 2003 and June 2004. Fig. 1 shows the inclusion and exclusion criteria for the present study. Ultimately, a total of 195 patients were enrolled.
We evaluated conventional clinical characteristics as shown in Table I . All 195 cases were reevaluated with respect to histological subtype, differentiation and tumor stage. The follow-up interval ranged from 0.9 to 139.4 months (median 27.3 months, mean 49.5 months). The 5-year cumulative survival rate for all patients was 30%.
A total of 195 paraffin-embedded NSCLC tissue samples and 11 matched adjacent paraffin-embedded non-cancerous human lung tissues were obtained from the archives of the Department of Sample Resources, SYSUCC. These samples had been histologically and clinically diagnosed. Fifty metastatic lymph nodes were also obtained from the above-mentioned patients. Eleven paired freshly frozen lung carcinoma and non-cancerous tissues adjacent to cancer lesions were obtained from the same patients. The present study was conducted with the consent of the patients and the approval of the Institute Research Ethics Committee of SYSUCC.
Immunohistochemistry. Immunohistochemistry was performed as previously described (27) . The relevant, sections were incubated with an anti-TACC3 monoclonal antibody (1:800; Abcam, Cambridge, UK) at 4˚C overnight. Immunohistochemical kit (SP-9001 rabbit SP kit, lot: 50581654) was obtained from Zhongshan Golden Bridge Biotechnology Co. Ltd. (Beijing, China). As a negative control, the primary antibody was replaced by IgG.
The degree of immunostaining was examined and evaluated independently by two pathologists without knowledge of the clinical characteristics of the cases. The proportion of positively stained tumor cells varied from 0 to 100%, and the intensity of staining varied from weak to strong. The proportion of stained tumor cells was graded according to the following criteria: 0 (no positive tumor cells), 1 (≤10% positive tumor cells), 2 (11-25% positive tumor cells), 3 (26-40% positive tumor cells) and 4 (≥41% positive tumor cells). The intensity of staining was quantified using the following score system: 0 (no staining), 1 (weak staining, light yellow), 2 (moderate staining, yellowish brown) and 3 (intense staining, brown). The TACC3 expression index was calculated by multiplying the two scores to obtain a final score of 0, 1, 2, 3, 4, 6, 9 or 12. The cut-off value for high and low levels of expression was based on a measurement of heterogeneity using a log-rank test statistical analysis with respect to the overall survival (OS) rate. The carcinomas were finally classified as low expression (score <5) or high expression (score ≥6).
Western blotting. Western blot analysis was performed as previously described (27) . The membrane was incubated with primary antibodies (1:1,000) at 4˚C overnight, followed by incubation with horseradish peroxidase-conjugated goat antimouse or anti-rabbit IgG secondary antibody (1:3,000) (both from Abcam) at room temperature for 1 h. A mouse β-actin monoclonal antibody (1:4,000; Cell Signaling Technology, Danvers, MA, USA) was used as an internal loading control. The membrane was detected using an enhanced chemiluminescence (ECL; Amersham Pharmacia Biotech, UK) detection system (Amersham Biosciences Europe, Freiburg, Germany) according to the manufacturer's instructions.
RNA extraction and quantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis.
Total RNA was extracted from 11 paired freshly frozen lung cancer and noncancerous tissues using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. The RNA was treated with RNA-free DNase, and 2.0 µg of total RNA was used to generate cDNA using the RETROscript kit (Promega, Madison, WI, USA). The full-length open reading frame of TACC3 was PCR amplified from cDNA samples. RT-PCR was performed using iQ SYBR-Green Supermix on a MYiQ qPCR machine (both from Bio-Rad, Hercules, CA, USA). The following primers were used to amplify TACC3: forward, 5'-CCTCTTCAAG CGTTTTGAGAAAC-3' and reverse, 5'-GCCCTCCTGGGT GATCCTT-3'. The following primers were used to amplify β-actin: forward, 5'-GACTCATGACCACAGTCCATGC-3' and reverse, 5'-AGAGGCAGGGATGATGTTCTG-3'. The analysis was performed for each reaction to ensure amplification specificity.
Statistical analysis. All statistical analyses were performed using the SPSS version 16.0 statistical software package (SPSS, Inc., Chicago, IL, USA).
The data are presented as the mean ± SEM unless otherwise indicated. Differences among variables were identified by χ 2 analysis or two-tailed Student's t-tests. Correlations between TACC3 expression and clinicopathological factors were assessed by χ 2 analysis and Fisher's exact test. Survival curves were plotted using Kaplan-Meier survival analysis and compared using a log-rank test. Further analyses of survival curves were calculated based on stratifying age, TNM classifications, histological type and clinical stages. Univariate and multivariate Cox proportional hazards models were used to evaluate the relative risks (RRs) of death associated with TACC3 expression and other variables. In our analyses, we defined the RR of 1.000 as baseline for factors including gender (male), age (≤60 years), smoking status (non-smoker), differentiation (well-moderate), SCC (0-15.0 ng/ml), T1, N0, M0, clinical stage (Ⅰ-Ⅱ), and low level of TACC3 expression. In all cases, P<0.05 was considered to indicate a statistically significant result.
Results
Immunohistochemistry reveals high TACC3 expression in NSCLC tissue samples. As shown in Fig. 2A , normal lung alveolar epithelium did not express TACC3 protein ( Fig. 2A-a, -c and -d) . TACC3 immunoreactivity was generally confined to the cytoplasm of tumor cells in NSCLC lesions and metastatic lymph nodes ( Fig. 2A-b, -c, -d , -e and -f). In all NSCLC tissue samples, TACC3 protein was observed in 180 of 195 (92.3%) human NSCLC samples, and strong cytoplasmic staining of TACC3 protein was detected in 64 (35.5%) tumors. Among the corresponding metastatic lymph nodes, 47 of 50 (94%) cases displayed positive staining ( Fig. 2A-e and -f) , and 48.9% (23 of 47) of cases exhibited strong staining.
TACC3 expression is upregulated in NSCLC tissue samples as determined by real-time RT-PCR and western blotting.
To investigate the mRNA and protein expression levels of TACC3 in NSCLC lesions, real-time RT-PCR and western blot analyses were performed in paired freshly frozen NSCLC tissues and adjacent non-cancerous tissues from the same patients. As determined by real-time RT-PCR analysis, all 11 human NSCLC samples exhibited higher TACC3 mRNA expression compared to paired non-cancerous tissues (Fig. 2B) . Western blot analysis demonstrated that TACC3 protein was markedly overexpressed in the NSCLC lesions but weakly detected in adjacent paired non-cancerous tissues (Fig. 2C) .
Correlation between the clinicopathological features and TACC3 expression levels. The immunoreactivity results of TACC3 expression levels were statistically analyzed to determine their relationships with the clinical characteristics of the NSCLC patients. As presented in Table I , the expression of TACC3 was strongly correlated with smoking status, histological classification, differentiation, CYFRA21-1 levels, T stage and the clinical stage of NSCLC patients. However, there was no significant correlation between the expression level of TACC3 protein and gender, age, squamous cell carcinoma antigen (SCCA), carcinoembryonic antigen (CEA), tumor supplies group of factors (TSGF), N classification or distant metastasis of NSCLC patients.
TACC3 expression is correlated with poor overall and recurrence-free survival. After demonstrating the correlation of TACC3 expression with clinicopathological characteristics, we proceeded to examine the relationship between TACC3 expression level and the patients survival. The patients OS time was defined as the time from the day of surgery to (i) the point of death due to recurrence or metastasis or (ii) to the end point of the most recent follow-up if the patient was alive. Recurrence-free survival (RFS) was calculated from the date of curative surgery to the day of disease recurrence, disease progression, death or the most recent follow-up. Patients with metastases were excluded from the RFS analysis.
The relationship between TACC3 expression levels and OS time (P=0.002) is presented in Fig. 3A . In primary NSCLC lesions, the low TACC3 expression group had better OS (median, 35.10 months), whereas the high TACC3 expression group had poor OS (median, 20.33 months). (B) The duration of RFS differed significantly between patients with high and low TACC3 expression (P= 0.017), with better survival in the low TACC3 expression group. TACC3 low expression, score <5; high expression, score ≥6. (C and D) The low TACC3 expression group exhibited better overall survival (P= 0.011) and progression-free survival (P= 0.011) among patients who received anti-microtubule chemotherapy as a first-line palliative therapy. (E and F) Among patients who received anti-microtubule chemotherapies as adjuvant chemotherapy, low TACC3 expression was also correlated with longer overall survival time (P=0.035) and longer recurrence-free survival time (P=0.013) compared with patients expressing high TACC3 levels.
The cumulative 5-year survival rate was 38.6% in the low TACC3 expression group and 25.5% in the high TACC3 expression group. Furthermore, patients with a low TACC3 expression had better OS regardless of the patients age, histological type, tumor differentiation, N stage and clinical stage. Moreover, the OS showed a statistically significant difference between the high and low TACC3 expression groups in the non-smoking group, early T stage (T1+T2) and M0 stage subgroups ( Fig. 4A-P) .
As shown in Fig. 3B , RFS also differed significantly between patients with high and low TACC3 expression levels (P= 0.017). RFS also significantly differed between the high and low TACC3 expression groups in the younger age group (≤60 years), among cases with well-moderated differentiation, and in the early T stage (T1+T2), N0 and M0 stages, and early clinical stage (Ⅰ+Ⅱ) subgroups (Fig. 5A-O) . Tables II and III , univariate Cox regression analyses revealed that a higher level of TACC3 was associated with a significantly increased risk of cancer-related death (P=0.002, RR=1.663; P=0.019, RR=1.849) in NSCLC patients. The RRs indicated that the level of SCCA, differentiation and clinical staging were also effective predictors. Multivariate Cox regression analyses suggested that higher TACC3 expression in NSCLC predicted worse survival independent of other factors (P=0.005, RR=1.999; P=0.022, RR=1.825). As expected, clinical staging was also recognized as independent prognostic factors.
Univariate and multivariate analyses indicate an independent role of TACC3 in the prognosis of NSCLC. As shown in
Taken together, the univariate and multivariate analyses suggested that TACC3 may be a useful biomarker for the prognosis of NSCLC patients. TACC3 expression levels are correlated with sensitivity to anti-microtubule drugs. As shown in Fig. 6, 35 patients received adjuvant chemotherapy with platinum drugs (cisplatin or carboplatin) and anti-microtubule drugs, including paclitaxel (16 patients), docetaxel (7 patients) and vinorelbine (12 patients). Among the patients who progressed after adjuvant chemotherapy and those who received palliative therapy, 35 received first-line palliative therapy with platinum and anti-microtubule drugs, including paclitaxel (20 patients), docetaxel (6 patients) and vinorelbine (9 patients).
OS of patients who received chemotherapy was defined as the time from the day of the first chemotherapy treatment to (i) the point of death due to recurrence or metastasis or (ii) to the end point of the most recent follow-up if the patient was alive. Progression-free survival (PFS) of patients who received palliative chemotherapy was defined as the interval between the first chemotherapy treatment and disease progression or last contact. RFS of patients who received adjuvant chemotherapy was calculated from the date of the first chemotherapy treatment to the day of disease recurrence, disease progression, death or the most recent follow-up.
To explore whether expression of TACC3 was correlated with sensitivity to anti-microtubule drugs, we used KaplanMeier analysis and log-rank tests to examine the relationship between the TACC3 expression level and survival in patients who received anti-microtubule chemotherapy. As shown in Fig. 3C and D, the low TACC3 expression group exhibited better OS (P=0.011) and better PFS (P=0.011) among patients who received anti-microtubule chemotherapy as a first-line palliative therapy. Among patients who received anti-micro- tubule chemotherapies as adjuvant chemotherapy, low TACC3 expression was also correlated with longer OS time (Fig. 3E,  P=0 .035) and longer RFS time (Fig. 3F, P=0 .013) compared with patients expressing high TACC3 levels.
Discussion
Members of the TACC family play important roles in cell growth, differentiation and gene regulation by affecting centrosome/spindle dynamics (10,17,28-29) . In addition, the deregulation of human TACCs (TACC1-3) may be involved in the development and progression of some human malignancies (3, 10, 13, 15, 25, 30, 31) .
A previous immunohistochemical analysis of lung cancer showed TACC3 expression is higher in primary lung cancer tissues than in normal lung tissues and high level of TACC3 is associated with a poor prognosis (25) . However, that study did not use western blot analysis and real-time RT-PCR to verify the conclusion and did not analysis the expression of TACC3 in metastatic lymph node tissues. In the present study, we performed western blot analysis and real-time RT-PCR as well as immunohistochemical analysis to determine whether 
Univariate analysis
Multivariate analysis SCCA: -, normal (0-1.50 ng/ml); +, elevated (>1.50 ng/ml); SCC unknown for 89 patients.
b CEA: -, normal (0-5 ng/ml); +, elevated (>5 ng/ml); CEA unknown for 66 patients. TACC3 expression is upregulated in primary NSCLC lesions compared with normal lung tissues. The present study indicated that high TACC3 expression in primary NSCLC lesions is correlated with poorer OS (25) . We present that high TACC3 expression in primary NSCLC lesions is also associated with poorer RFS, which has not been reported. These data provide strong evidence for a relationship between high TACC3 expression levels and poor prognosis in NSCLC patients and indicate that the TACC3 expression level is an independent prognostic factor for NSCLC patients. In addition, we compared the expression of TACC3 in metastatic lymph nodes tissues with normal lung tissues and demonstrated that expression of TACC3 is also upregulated in metastatic lymph nodes tissues. These results indicate that alterations in TACC3 protein levels may be involved in both tumor development and progression.
We observed a strong correlation between more advanced clinical staging and higher T classification and higher TACC3 expression. These results may indicate a correlation between TACC3 overexpression and clinical progression in NSCLC. Recent studies in cervical cancer have suggested that TACC3 overexpression promotes epithelial-mesenchymal transition (EMT) by activating the phosphatidylinositol 3-kinase (PI3K)/Akt and extracellular signal-regulated protein kinases (ERKs) signal transduction pathways (32, 33) . As EMT plays a major role during cancer invasion and metastases, it is worthwhile to further investigate the role of TACC3 in the progression of NSCLC.
TACC3 expression has been observed in various cell lines and tissues, particularly those undergoing rapid growth and differentiation. Sadek et al found that TACC3 is upregulated during the early differentiation of many varied cell types (17) . Another study showed TACC3 plays an important role in murine embryonic development and may be involved in differentiation (34, 35) . These observations showed the potential relationship between TACC3 and differentiation stage in normal tissues. However, the correlation between TACC3 and the differentiation status in tumor tissues has not been studied to date. The present study demonstrated that high levels of TACC3 expression were significantly correlated with poor differentiation in lung cancer, which had not been reported. Further experiments are needed to explore the molecular mechanisms of relationship between TACC3 expression and differentiation in tumor tissues.
Furthermore, the present study revealed that patients who smoked, squamous cell carcinoma patients and those with elevated CYFRA21-1 levels tend to have high expression levels of TACC3. More analysis is required to investigate the mechanisms underlying changes in TACC3 expression in NSCLC patients.
The phosphorylation and localization of TACC3 are novel pharmacodynamic indicators of Aurora A activity (36). Yim et al identified TACC3 as a possible direct target of anti-microtubule drugs such as paclitaxel in cervical carcinoma cells (37) . Subsequent studies have demonstrated that paclitaxel induces strong polyploidy and apoptosis in TACC3-depleted murine fibroblast cells and that the downregulation of TACC3 enhances paclitaxel chemosensitivity in breast carcinoma cells (38, 39) . However, if the expression of TACC3 in tumor tissue by immunohistochemical analysis correlates with the sensitivity to anti-microtubule drugs has not been reported yet. Our results indicate that low TACC3 expression may enhance chemosensitivity of anti-microtubule drugs in patients of lung cancer. However, larger samples ofpatients and further experiments in vitro are needed to verify the correlation between TACC3 expression status and chemosensitivity to anti-microtubule drugs.
In conclusion, we demonstrated that TACC3 expression is associated with the clinicopathological classification of NSCLC and that TACC3 is an independent prognostic factor for patient survival. In addition, TACC3 overexpression may be associated with chemosensitivity to anti-microtubule drugs. Our findings suggest that the TACC3 expression level may be a potential prognostic factor and a new therapeutic target for NSCLC.
